Instrumentation 1 H NMR (300 MHz and 500 MHz) and 13 C NMR (75.3 MHz and 125.7 MHz) spectra were taken on Varian Mercury 300 and UNITY INOVA 500 spectrometers and were recorded in CDCl 3 . Chemical shifts (δ) are in parts per million relative to tetramethylsilane at 0.00 ppm for 1 H and relative to residual CHCl 3 at 77.0 ppm for 13 C unless otherwise noted. IR spectra were determined on a SHIMADZU FTIR-8200PC spectrometer. Mass spectra (EI unless otherwise noted) were determined on a JEOL Mstation 700 spectrometer. TLC analyses were performed on commercial glass plates bearing a 0.25-mm layer of Merck Silica gel 60F 254 . Silica gel (Wakogel 200 mesh) was used for column chromatography. Elemental analyses were carried out at the Elemental Analysis Center of Kyoto University.
Experimental Procedure

Preparation of homoallyl alcohol 2a and 2b
The synthesis of homoallyl alcohol 2a is representative. Under argon atmosphere, butyllithium (1.6 M hexane solution, 16 mL, 26 mmol) was placed in a 100-mL reaction flask.
Dicyclohexylamine (6.0 mL, 30 mmol) in toluene (40 mL) was added dropwise at 0 ˚C. After 1 h, ethyl cyclobutanecarboxylate (3.0 mL, 22 mmol) was slowly added to this solution. The resultant solution was stirred at room temperature for 1 h. Under argon atmosphere, the solution was added to a mixture of 2-bromopropene (1.8 mL, 20 mmol) , dipalladium tris(dibenzylideneacetone) (460 mg, 0.50 mmol), and tri-tert-butylphosphine (1.0 M in toluene, 1.0 mL, 1.0 mmol) in another 100-mL reaction flask. The flask that had contained the enolate was washed with 5 mL of toluene. This washing solution was added to the reaction mixture.
The reaction mixture was then stirred at room temperature for 10 h. The reaction mixture was diluted with ethyl acetate (30 mL). The resulting solution was washed with 1 M hydrochloric acid (10 mL), and the aqueous layer was washed with ethyl acetate (10 mL × 3). The combined organic layers were dried over sodium sulfate, and concentrated in vacuo. The residue was then purified on silica gel (hexane/ethyl acetate = 20:1) to afford the corresponding ester in 62% yield (2.08 g, 12.4 mmol) .
Under argon atmosphere, phenyllithium (1.09 M cyclohexane/ethereal solution, 27 mL, 30 mmol) was placed in a 100-mL reaction flask. The ester (2.1 g, 12 mmol) in THF (15 mL) was added dropwise at 0 ˚C. The mixture was warmed to room temperature and stirred for 3 h.
The reaction mixture was poured into saturated ammonium chloride solution (30 mL). The product was extracted with ethyl acetate (30 mL × 3), and organic layers were washed with brine.
The combined organic layers were dried over sodium sulfate, and concentrated in vacuo. The product was chromatographed on silica gel (hexane/ether = 20:1) to afford 2a (1.51 g, 5.43 mmol, 45%) .
Homoallyl alcohol 2b was prepared in a fashion similar to that of 2a. The alkenylation of ethyl cyclobutanecarboxylate (1.5 mL, 11 mmol) with α-bromostyrene (1.3 mL, 10 mmol) S3 provided 1.29 g of ethyl (1-phenylethenyl)cyclobutanecarboxylate (5.62 mmol, 56% yield).
The phenylation of the ester (1.3 g, 5.6 mmol) proceeded quantitatively to provide 1.53 g of 2b (5.38 mmol, 96%). (300 mg, 10 mmol) in THF (10 mL) was added dropwise at 0 ˚C. After being stirred for 2 h at ambient temperature, the mixture was poured into saturated ammonium chloride solution (30 mL). The product was extracted with ethyl acetate (20 mL × 3), and organic layers were washed with brine. The combined organic layers were dried over sodium sulfate, and evaporated in vacuo to yield ethyl 1-(hydroxymethyl)cyclobutanecarboxylate.
Preparation of homoallyl alcohol 2c
Oxalyl chloride (1.0 mL, 10 mmol) in dichloromethane (10 mL) was placed in a 50-mL reaction flask under argon. Dimethyl sulfoxide (1.4 mL, 20 mmol) was added to the stirred solution at -78 ˚C. After 10 min, a solution of the crude alcohol in dichloromethane (10 mL) was added to the reaction mixture. After 30 min, the reaction mixture was treated with triethylamine (5.6 mL, 40 mmol) and then allowed to warm to 0 ˚C. After 3 h, the reaction mixture was poured into brine and extracted with dichloromethane (20 mL × 3). The combined organic layers were dried over sodium sulfate, and evaporated in vacuo to yield ethyl 1-formylcyclobutanecarboxylate.
Trimethylsilylmethylmagnesium bromide (1.0 M THF solution, 12 mL, 12 mmol) was placed in a 50-mL reaction flask under an atmosphere of argon. The crude aldehyde in THF (10 mL) was added to the Grignard reagent dropwise at 0 ˚C. The mixture was warmed to room S4 temperature and stirred for 1 h. The reaction mixture was poured into saturated ammonium chloride solution (30 mL). The product was extracted with ethyl acetate (30 mL × 3), and organic layers were washed with brine. The combined organic layers were dried over sodium sulfate, and concentrated in vacuo. Under argon atmosphere, the crude ester in THF (10 mL) was placed in a 100-mL reaction flask. Concentrated sulfuric acid (1.0 mL) was added dropwise at 0 ˚C. The mixture was warmed to room temperature and stirred for 3 h. The reaction mixture was poured into 4 M sodium hydroxide solution (10 mL). The product was extracted with ethyl acetate (10 mL × 3), and organic layers were washed with brine. The combined organic layers were dried over sodium sulfate, and concentrated in vacuo to afford ethyl 1-vinylcyclobutanecarboxylate as a crude oil.
Under argon atmosphere, phenyllithium (1.09 M cyclohexane/ethereal solution, 22 mL, 24 mmol) was placed in a 100-mL reaction flask. The crude ester in THF (10 mL) was added dropwise at 0 ˚C. The mixture was warmed to room temperature and stirred for 1 h. The reaction mixture was poured into saturated ammonium chloride solution (30 mL). The product was extracted with ethyl acetate (30 mL × 3), and organic layers were washed with brine. The combined organic layers were dried over sodium sulfate, and concentrated in vacuo. The product was chromatographed on silica gel (hexane/ether = 10:1) to afford 2c (783 mg, 2.96 mmol, 30% overall). Under argon atmosphere, phenyllithium (0.98 M cyclohexane/ethereal solution, 50 mL, 49 mmol) was placed in a 100-mL reaction flask. The crude ester (3.2 g, 21 mmol) in THF (10 mL) was added dropwise at 0 ˚C. The mixture was warmed to room temperature and stirred for 30 min. The reaction mixture was poured into saturated ammonium chloride solution (50 mL).
Preparation of homoallyl alcohol
The product was extracted with ethyl acetate (30 mL × 3), and organic layers were washed with brine. The combined organic layers were dried over sodium sulfate, and concentrated in vacuo.
The product was chromatographed on silica gel (hexane/ether = 20:1) to afford 7 (3.88 g, 14.6 mmol, 70%).
Characterization of Compounds
( 62, 30.08, 56.69, 80.92, 118.45, 126.57, 127.15, 127.91, 128.06, 128.73, 128.92, 143.69, 145.35, 153.74 95, 16.02, 29.40, 29.42, 35.83, 123.90, 124.30, 125.36, 125.48, 125.59, 126.31, 126.55, 128.58, 132.48, 133.73, 134.51, 136.43 66, 15.80, 29.06, 29.17, 35.82, 124.53, 125.62, 126.64, 127.15, 127.21, 127.90, 128.73, 129.31, 129.34, 129.90, 134.43, 137.77 65, 15.81, 21.31, 29.20, 29.34, 38.55, 125.04, 126.48, 127.37, 133.85, 137.65, 140.70 . Found: C, 90.10; H, 10.33%.
S7
Calcd for C 15 H 20 : C, 89.94; H, 10.06%. 70, 15.83, 29.22, 29.36, 38.38, 124.81, 126.94, 126.98, 126.99, 128.68, 129.06, 134.31, 138.68, 139.97, 141.15. Found: C, 91 32, 15.62, 15.77, 29.18, 29.32, 38.81, 60.71, 124.11, 128.10, 128.61, 129.55, 134.93, 146.33, 166.69 . 54, 15.84, 29.20, 29.32, 37.80, 55.22, 113.63, 125.27, 129.51, 132.86, 133.74, 157.72 54, 15.80, 29.19, 29.30, 38.08, 124.44, 128.29, 129.97, 131.40, 134.62, 139.25 31, 15.83, 15.88, 29.31, 29.33, 35.83, 60.81, 124.45, 125.61, 129.90, 130 .07,
4-(2-Cyclobutylidenepropyl
Computational Details
The structures were optimized by using Spartan '04 program 1 with Becke's three-parameter hybrid exchange functional and the Lee-Yang-Parr correlation functional (B3LYP) 2 and the 6-31G* basis set. The angle of C(hydroxylated)-C(cyclobutyl)-C(vinylic) was calculated to be 109.87˚.
The total energy of 2a was calculated to be -850.533156 a.u. at the B3LYP/6-31G* level. The angle of (C(hydroxylated)-C(cyclopropyl)-C(vinylic) was calculated to be 113.73˚.
The total energy of 7 was calculated to be -811.224077 a.u. at the B3LYP/6-31G* level. 
